Iturin A, an antifungal lipopeptide characterized by the presence of homologous liposoluble fl-aminoacids was found to be the active component to bacillomycin B, bacillomycin R and eumycin. Iturin A was identified by thin-layer chromatography, aminoacid analysis and by characterization of liposoluble aminoacids and peptides. Another two preparations: the antibiotic of RAUBITSCHEK and the bacillomycin of LANDY et al. contain components of the same structural type but they are different from iturin A.
MIC: -ff+=from 5 to 10,ug/ml; ++-=from 10 to 50,ug/ml; +=from 50 to 150 /ug/ml; -over 150,ug/ml.
in Table 1 .
In this assay, the apparent differences of activity observed with the several antibiotics must be attributed to their different levels of purification: mycosubtilin was pure, iturin was purified to some extent and the other substances were poorly purified. However, when the tests of activity were performed on highly purified iturin and iturin containing substances, similar activities were found (Table   5 ).
In both types of assays, the crude antibiotic preparations tested had poor or no antibacterial activity and a typical activity against Penicillia strains. Such an activity was observed previously with iturin and mycosubtilin.
Purification of Active Compound
Crude antibiotic preparations were dissolved in methanol (0.2 g/ml) and purified by precipitation with acetone. The addition of 6 volumes of acetone gave a pigmented precipitate which was discarded, a further addition of 6 volumes of acetone gave another precipitate which was collected by centrifugation. This insoluble part was purified by column chromatography on Sephadex LH 20 with the solvent :
hexane -chloroform -methanol (25: 45: 10).
The fractions were collected and tested by thin-layer chromatography on silica gel. Their antifungal activity was tested on Penicillium chrysogenum; the results are shown in Table 2 .
Active fractions of bacillomycin B, bacillomycin R and eumycin have similar elution volumes but the active fraction of the antibiotic of RAUBITSCHEK had a very different elution volume. These fractions were further purified by column chromatography on silicic acid with the solvent system: chloroform -methanol -water (65: 25: 4) and the compound was tested by thin-layer chromatography on silica gel 60 for comparison with iturin A, mycosubtilin and bacillomycin of LANDY et al. (Table 3 ). eumycin was studied by gas chromatography of the N-trifluoroacetyl n-butyl esters. The chromatograms were very similar to the chromatogram of the derivatives of iturin A, /3 amino acids C14 and C15 were the major components of the lipid fraction and the ratios are shown in Table 4 .
The percentages of /3 amino acids were roughly similar in all the antibiotics with about 40---50 of each major compound as components of the lipid part.
Nature of Liposoluble Peptides.
In the previous work on the structure of iturin A it was demonstrated that a partial hydrolysis Antifungal Activities.
Purified antibiotics from bacillomycin B, bacillomycin R, eumycin, were tested for their antifungal activity in comparison with iturin A and mycosubtilin.
As shown in Table 5 Production and preliminary purification. The composition of the medium was (g/liter of water): glucose 10, brown sugar 10, peptone 15, Na2HPO4 0.2 and NaCl 0.2. Submerged aerated culture of the producing strain was grown in 1-liter Erlenmeyer flasks containing 250 ml of medium on a shaker rotating at 100 r.p.m., with a 2" stroke, at 30°C for 48 hours. A part(2 %) of this culture was used to inoculate a 500-liter fermenter. Submerged culture was performed at 30°C, under stirring(120 r.p.m.) and aeration(500-liter air per minute). Silicone emulsion was used as antifoam agent. The antibiotic content reached a maximum after 2-3 days.
The cooled broth was treated with 2% of filter aid(Celite) and filtered on a filter press in order to eliminate most of the bacteria. Filtrate was adjusted to about pH 3.0 with concentrated HCl.
The precipitate obtained was collected by centrifugation (Sharpless 5A) and extracted three times with a mixture of n-butanol-acetone (20: 1). The solid residue separated by centrifugation was discarded. The extract was neutralized with CaCOB powder and filtered. The filtrate was concentrated under vacuum at 3040°C to one-fifth of its volume. The concentrated solution was poured into ten volume of a mixture of acetone -ethyl ether (1: 2). A yellow-brown precipitate of crude antibiotic was obtained and dried under vacuum. The yield, varying from one strain to another, was about 100 g of product.
A preliminary purification was realized by chromatography on a neutral alumina column (diameter 8 cm, height 15 cm). The elution was obtained with a mixture (3 liters) of acetone -water (2: 1). The eluate was distilled under vacuum in order to eliminate the acetone and the aqueous solution was lyophilized. The yield was about 20 g of product.
Antibiotic activity.
Antibacterial and antifungal activities were tested either by a cylinder agar plate diffusion method or by a serial tube dilution method. In the first method the appropriate solution of the substance to be tested was put in small cylinders (diameter 6 mm, height 8 mm) deposited on agar seeded with Penicillium chrysogenum. The diameter of the zone of inhibition was measured after 48 hours of incubation at 28°C.
In the second method a serial twofold tube dilution of the antibiotic in nutrient broth was prepared. Each tube was inoculated with a drop of a one night culture of sensitive microorganism diluted 500 times. The minimal inhibitory concentration (MIC) was determined after 48 hours of incubation.
Purification and isolation of pure antibiotics. After elimination of pigments by precipitation with acetone, the antibiotic preparations were purified by column chromatography on Sephadex LH 20 (200 mg for 40 g of Sephadex). Elution was performed with hexane -chloroform -methanol (25: 45: 10). The fractions were examined by thinlayer chromatography on silica gel 60 with chloroform -methanol -water (65:25:4).
Their antifungal activity was tested on Penicillium chrysogenum.
Antifungal fractions were further purified by column chromatography on silicic acid Bio Sil HA 325 mesh. After elution with chloroform -methanol -water (65: 25: 4), eluates were tested by thinlayer chromatography in the same solvent and detected with PAULY reagent14). Their identification was made by comparing their Rf with those of iturin A and mycosubtilin.
Some fractions were further purified by a second column chromatography on silicic acid.
Hydrolysis
Total hydrolysis of purified antibiotics was performed with 6 N HCl, in sealed tubes, at 150°C for 8 hours, partial hydrolysis of purified antibiotics was performed with 6N HCl, in sealed tubes at 105°C for 15 hours.
After total and partial hydrolysis liposoluble and hydrosoluble moieties were obtained. The liposoluble part was extracted with chloroform and the hydrosoluble part was evaporated to dryness in vacuo.
Analysis of amino acids
The quantitative amino acid analyses were carried out with a Technicon automatic analyser following the procedure of SPACKMAN et a1.15) modified by PIEZand MORRIS16).
Identification of the lipid part. The N-trifluoroacetyl n-butyl esters derivatives were obtained by the method of ROACH and GEHRKE17). The liposoluble moiety was treated with HCl -butanol. After elimination of butanol by distillation, the residue was dissolved in methylene chloride -trifluoroacetic anhydride (4:1) and the reaction was carried out at 150°C for 15 minutes in a sealed tube.
These derivatives were studied by gas chromatographic analysis in a Fractovap GT 200 apparatus with ethyleneglycoladipate 0.65% on Chromosorb W with temperature programming from 80°C to 215°C.
